tn this study, we have evaluated the performance of the Revised Trauma Score (R TS) as a triage instrument in the prehospital setting in The Netherlands, To this end we analysed prehospital and clinical data on 398 injured patients in an urban-rural area in the east of the Netherlands. Our study included injured patients aged over 15 who were alive at the time the ambulance arrived. We found a comparatively low prevalence of major injuries in the prehospital setting, which varied with the definition used (for putients with an HTI-SS 3 18, it wus 5.8 per cent, for HTI-ISS >, 20 if was 3.7 per cent; for a modijied HTI-ISS criterion it was 5.3 per cent and 2.7 per cent needed major emergency therapy), Estimates of sensitivity were also rather low and varied with the definition used (38 per cent for HTI-lSS> 18; 56 per cent for HTI-ISS > 20, 45 per cent for the modified HTI-ISS criterion and 76 per cent for major emergen y treatment). The specificity and the predictive value of a lowered RTS, however, were 94 per cent and 26 per cent respectively for all definitions used. The conclusion of this study is that the performance of the RTS in this study population is poorer than expected from earlier studies. The low prevalence of major injuries in the prehospital setting in The Netherlands and the distribution of case severity may possibly explain these results. Copyrighf 0
Introduction
Improvement of the quality of medical care for injured patients is a topical issue in The Netherlands. This discussion was initiated in the early 1980s because foreign studies provided evidence for substantially lower preventable death rates in regions with more advanced Trauma Care systems'. Since then a limited number of relevant studies have been carried out in The Netherlands as well. One study found a significantly lower fatality rate in hospitals offering more advanced trauma care (e.g. neurosurgery) ' , while an analysis of regional mortality differences within The Netherlands showed a significant negative correlation between the availability of an advanced trauma hospital in the region and the mortality due to road traffic accidents3.
These research findings provide support for the assumption that improvements in trauma care could bring a further substantial decline in accident mortality in The Netherlands. For this reason, the regionalization of trauma care facilities has been advised in this count$. This, however, necessarily involves an adequate selection system to ensure that injured patients are treated in the right facility. This means that efforts must be made to keep 'under-triage' (i.e. failure to treat severely injured patients in a highly advanced hospital) and 'over-triage' (i.e. treatment of minor casualties in a highly advanced hospital) to the minimum. In The Netherlands, these triage decisions must be made in the prehospital setting by ambulance attendants. Ambulances are increasingly staffed by paramedics trained to supply advanced life support. There is a national network of emergency assistance, which -in line with national standards -can be present within 15 min of an emergency call. The distances to hospitals are generally short. In The Netherlands, the Revised Trauma Score (RTS, triage edition) has been proposed as the standard instrument for assessing the severity of injuries in accident victims.
Information on the predictive values of the RTS that is valid for the prehospital setting is scarce. In the first validation study on an in-patient population, Champion et al.5 found that almost 60 per cent of severely injured patients could be recognized by the RTS (sensitivity) and that almost 70 per cent of the patients with a low RTS had major injury (predictive value of a positive test). A study performed by Gilpin et a1.6 resulted in the recognition of 80 per cent of the severely injured patients, while almost 50 per cent of all patients with a lower RTS had major injuries. Only one study was performed in a prehospital setting7rs. This study found high diagnostic qualities (85 per cent recognition of severely injured patients) but the percentage of severely injured patients among the group with a lowered RTS was relatively low (40 per cent). This study concluded that the RTS did not discriminate better than the informal judgement of emergency medical technicians.
The present study was undertaken to evaluate the performance of RTS when used by ambulance attendants in The Netherlands, who have to take a triage decision whether to transport a patient to an advanced trauma hospital. More specifically an answer was sought to the following questions:
What is the prevalence of major injuries in accident victims who are transported to a hospital by ambulance? What is the relationship between the RTS stated by ambulance personnel and the existence of severe injuries as diagnosed in the hospital? In which way is this relationship influenced by the way severe injuries are defined?
IS there a modifying effect on the performance of the RTS of variables such as age, sex, the circumstances of the accident, and the type of injury?
Materials and methods
Inclusion of patients This study was carried out within a region in the east of The Netherlands, where all the ambulance assistance is supplied by a single community health service. The area of the region is about 350km', and it has almost 220 ooo inhabitants. There are two urban communities (150000 and 30 000 inhabitants), surrounded by a more rural area. It has one hospital with advanced trauma-facilities and one regional hospital without. More than 90 per cent of injured patients are transported to one of the two hospitals. The ambulances are all staffed by paramedics, trained to give advanced life support. Accident victims are defined as patients with physical or physiological injury following any sudden event with an external cause, for which immediate ambulance assistance is needed. In 1992 ambulances were called for 1308 accident victims. For all these patients, the RTS was measured at the time the ambulance arrived at the scene. During transport the RTS is regularly re-estimated. Data were recorded for each patient on a preceded form by the ambulance personnel and entered in a computerized database of the Community Health Service. The study population was formed retrospectively by analysing data in this database.
Out of the 1308 accident victims, patients were admitted in the study population if they met the following criteria: over 15 years of age; having an accident between May and December 1992; the triage decision was made by the ambulance attendants; immediate transportation to the emergency room of one of the two hospitals in the region; they were not obviously dead when the ambulance arrived. No further restrictions were made in the severity or characteristics of the cases. There were 712 patients who met the selection criteria. In this group, 657 patients (92 per cent) had an RTS of 12 (the highest score), and a random sample of 343 was taken in the study population. All 55 patients with an RTS lower than 12 were also included in the study population. This made a total study population consisting of 398 patients.
Estimating the severity of injuries It was essential to identify those patients who should have been referred to a regional trauma centre. The injury severity score (ISS) is a well accepted measure, but there is no consensus as to which trauma patients should be referred to advanced trauma centre facilities9; in the literature, several criteria are used. Because of this lack of a well accepted 'golden standard we decided to use four different definitions. Three definitions related to the severity of injuries and the fourth to the necessity of major emergency therapy. The ISS in this study was based on the hospital trauma index (HTI) I"fl*. The HTI scores injuries in six different organ systems or body regions (abdomen, respiratory system, cardiovascular system, central nervous system, extremities, and the skin and subcutis). The injuries in each category are rated between 0 (no injury) and 5 (very severe injury). The ISS sums the squares of the three highest scores of the HTI and ranges between o and 75. According to the first definition of our study, trauma centre candidates have an HTI-ISS of 18 or over, a criterion that is often used in the literature". In our second definition, an HTI-ISS of 20 or over is used, which excludes most patients with one 'major' bone fracture. Our third definition (the modified HTI-ISS criterion) was derived from panel criteria developed in earlier studies9; every patient with at least one single serious injury or two moderate injuries in different body regions or organ systems is defined as a candidate for evaluation at a trauma centre. This means at least one score of 4 (severe) on a single HTI item; or at least two injuries which score 3 (moderate) or higher in different organ systems or body regions (loss of blood following an already rated cause is thereby not seen as a separate injury). Our last definition (major emergency treatment) includes patients who urgently need major treatment, which is defined as an emergency thoracotomy, laparotomy, neurosurgery or immediate admission to an intensive care unit or death within 48 h after the accident.
Data collection
The Community Health Service in Enschede has established a computerized database. Each action taken by ambulance personnel, data on patients, their condition and the therapy administered are recorded by the emergency medical care assistant. Information is available on the components of the RTS (blood pressure, respiratory rate and the components of the Glasgow Coma Scale), personal characteristics (e.g. name, date of birth and sex), selected characteristics of the accident, the therapy given and information on the time and duration of the emergency assistance. All the information on the study population in this database was reviewed retrospectively by the researcher.
In addition to the prehospital data of the Community Health Service, this study used clinical data from the two hospitals in the region. The hospital records of the patients included were reviewed by the researcher. When a patient was admitted to a hospital, the hospital discharge letter was used for abstracting the medical diagnosis. When only the emergency room was visited, the treatment sheet was reviewed. All patients had been physically examined by the surgeon on duty. After routine examination, specific diagnostic procedures had been undertaken when indicated. Based on the clinical data, the HTI-ISS could be constructed as a 'severity index'. The 'administration of an emergency treatment' and 'survival' were also registered, which together could be used as an alternative severity index. The collection of the 'hospital data' and, subsequently, the scoring of the severity according to the HTI-ISS were done manually by the researcher, under supervision of a surgeon.
For 330 patients (83 per cent) both the prehospital and hospital data were complete. Of the 343 patients with an RTS equal to 12, details for 18 per cent could not be completed (37 cases because of errors in the dataset of the Community Health Service, 18 because of missing information in the hospital and six cases for both reasons). Of the 53 patients with an RTS < 12,13 per cent could not be completed (for five patients no data could be found in the hospital, for one the data in the ambulance department were incomplete and for one both applied; the initial RTS value of all incomplete patients was II).
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Data analysis
The study population consists of two classes, patients with an RTS of 12 and all patients with a lower RTS. In both classes the number of patients with major injury according to the different definitions is known. To estimate the prevalence of major injuries in the original population, the patients in the class with the normal RTS were weighted with the reciprocal value of the sample fraction (6.57/ 343 = 1.92). To indicate the relationship between the RTS and the existence of major injury, the following parameters were estimated: (i) sensitivity, the percentage of major injuries diagnosed by a lowered RTS; (ii) specificity, the percentage of minor injuries with a maximum RTS; (iii) the predictive value of a positive test (PV +), which is the percentage of patients with major injury among patients with a lowered RTS; and (iv) the predictive value of a negative test (PV-), which is the percentage of minor injuries among the patients with a maximum RTS. These parameters offer an impression of the performance of the RTS as a triage instrument in the prehospital setting.
The predictive value can be calculated from the number of patients with major injuries in the two classes. To estimate the sensitivity and specificity, the patients in the sample with a maximum RTS are weighted with the reciprocal value of the sample fraction. In all analyses the initially measured RTS has been used. Two different forms of modification have been analysed. First of all, the RTS is corrected for temporary loss of consciousness. When a lowered RTS was only caused by the Glasgow Coma Scale (GCS) and the GCS normalized during transport, the normal GCS was used to calculate the RTS. Secondly, with a logistic regression analysis the influence of age, sex and type of accident on the relationship between RTS and major injury was analysed. First a model was fitted with severe injuries as the dependent variable and the RTS equal to 12 versus less than 12 as the independent variable. This model was used to analyse whether the modifying variables created an additional risk of diagnosing severe injuries.
Results
The main characteristics of patients with a normal and a lowered RTS are given in Table I . Of all patients, 73 per cent were victims of a road traffic accident; bicycle accidents form an especially large proportion of all accidents in our study population. The contribution of violence is relatively small. Both classes are more or less similar with regard to the sex and age of the patients, the type of accident, the time needed for the ambulance to arrive for the victim and the time to transport the patient to the hospital. Patients with a lowered RTS needed a longer preclinical treatment time and had a higher mean HTI-ISS score.
An estimate of the prevalence of major injuries in the original population of accident victims is given in Table II . Th e prevalence of trauma centre candidates in the population under study is low, regardless of the definition used. The highest prevalence was found for the least stringent definition: almost 6 per cent of the accident victims had an HTI-ISS of 18 or over.
The estimated number of patients with major injury among the patients with different RTS scores is given in TableIII. Although the chance of severe injuries increases with the lowering of the RTS, a substantial proportion of TableIV.
Estimates of sensitivity, specificity and predictive value of the RTS (patients with a normal RTS are weighted with the reciprocal value of the sample fraction) the patients who are trauma centre candidates according to the different definitions have a normal RTS. The relationship between the RTS and the existence of serious injury is summarized in TubleZV. According to three of the four definitions, the sensitivity is lower than 60 per cent. The sensitivity is highest for diagnosing patients who urgently need major treatment, followed by patients who had an HTI-ISS of 20 or over. The predictive value of a positive test is low for all criteria (25-29 per cent), which means that three out of four patients with a lowered RTS do not have major injury and should not be considered as a trauma centre candidate.
To investigate modifying effects, the RTS is first modified in order to rule out the impact of temporary loss of consciousness. This produces a slight improvement in the predictive value and the specificity, without a lowering of the sensitivity. The positive predictive value is 39 per cent (HTI-ISS>, 18), 33 per cent (HTI-ISS> 20), 42 per cent (modified HTI-ISS criterion), and 36 per cent (major emergency therapy). The specificity becomes 96 per cent for all categories and the PV -varies between 97 per cent and 99.7 per cent. The sensitivity remains the same as the values presented in TabjeW, for all definitions. No modifying effect on the relationship between the RTS value and the existence of serious injury was found for three variables under study: age and sex of the patient and type of accident.
Discussion
The performance of diagnostic procedures in identifying persons with a disease is in general dependent on two factors: first the qualities of the procedure itself (which is expressed by the sensitivity and specificity) and second the prevalence of the disease in the population, In this study the performance of the RTS as a triage instrument was evaluated in a prehospital setting in The Netherlands. From the results it seems that the prevalence of severe injuries in this setting is low. Of the diagnostic qualities, the sensitivity seems to be the most relevant measure. The sensitivity in our results seems to be lower than in other studies. When severe injuries are defined by the HTI-ISS, 40 to 60 per cent of all trauma centre candidates are identified by the RTS. From our results it appears that the specificity of the RTS is not a great problem: more than 90 per cent of the slightly injured patients were identified that way by the RTS. As a result of the low prevalence of major trauma in the prehospital setting and the low sensitivity of the procedures, the chance that a patient with a lowered RTS does have severe injuries (PV + ) is only 25 per cent. A slight improvement in the positive predictive value was found after the RTS was corrected for temporary loss of consciousness.
Only the study by Gilpin et al6 reported a prevalence in the same range as our study. Several factors can explain the low prevalence of patients with major injury. First, it appears from international comparisons that the incidence of road traffic accidents in The Netherlands is 10w'~rl~. Since this category accounts for the majority of all accidents in our population, this can explain the low prevalence. Second, most other studies on the performance of the RTS were conducted on an in-patient population, especially among patients who visited a trauma centre. These studies therefore refer to a selected population of more seriously injured patients compared with our study involving accident victims in a prehospital setting. A low prevalence of major injury influences the possibilities of recognizing trauma centre candidates. The performance of the RTS in this study seems to be different from the results of other studies. Compared with the studies of Champion5 and Gilpin', the sensitivity and the predictive value of a positive test is low and the specificity is high. When the relationship of the RTS with the necessity of urgent therapy is compared with the study of Emerman', all measures lie within the same range.
Several factors can explain the relatively low sensitivity. First, it has to be stressed that patients who were obviously dead at the time the ambulance arrived were excluded. Including this category gives a high sensitivity but this number is less meaningful for the purposes of our study. Second, the numbers in question should be interpreted with caution because the number of patients that were found to have serious injuries is small. The patients with a lowered RTS for which the data could not be completed have probably not introduced any bias in the estimation of the sensitivity. All these patients had a RTS value equal to II, and the chance that they had severe injuries is low.
Another explanation for a low sensitivity can be found in the time at which the RTS is measured; it is possible that great loss of blood has not yet resulted in a lower systolic blood pressure.
No comparison could be made between the distribution of the HTI-ISS in the population studied and other studies. This is nevertheless a relevant parameter for the sensitivity and specificity. The sensitivity can be influenced by the distribution of case severity among seriously injured patients. Of the patients with major injury (HTI-ISS of 18 or over) only 40 per cent had an HTI-ISS value of over 24 (which means at least one very severe injury or at least one severe and one moderate injury). This indicates that 60 per cent of the patients with major trauma have injuries which make it difficult to distinguish them from patients with minor trauma and results in a lower sensitivity.
The specificity in this study was high for all definitions of serious injuries used. Specificity was especially high after a correction was made for patients with a temporary loss of consciousness. The high specificity can be explained by the distribution of the HTI-ISS among patients who are not seriously injured.
A lowered RTS has a low predictive value in this study. This is mainly the consequence of the low prevalence of serious injury in our population. Three out of every four patients with a lowered RTS was not seriously injured (irrespective of th e d fi 't' e nr ran used), and after correction for temporary loss of consciousness the figure is almost two out of every three patients.
This study indicates the limitations of the applicability of the RTS as a triage instrument in the prehospital setting in The Netherlands. These limitations emanate in the first place from the low prevalence of serious trauma. Secondly the situation in which a triage decision has to be taken is relevant. The results of this study refer to a relatively small number of patients in one region of The Netherlands and further research is indicated to confirm these results.
When a triage decision in the prehospital setting is based only on the value of the RTS, in areas with a low prevalence of patients with major injury, there will be the chance of both 'over-triage' and 'under-triage'. Undertriage is an important problem because it limits the potential benefits of a regionalized trauma care system. Over-triage will not only result in inefficient use of resources but will also reduce their effectiveness. Efforts that, in retrospect, prove unnecessary discourage trauma centre and ambulance personnel, in turn reducing the alertness of the system.
Further directives for the triage for accident victims, and for deciding whether or not to transport a patient to a trauma centre, need to be developed. The combination of signs of anatomical injury and the mechanism of injury needs further attention'4'15. Before such a new instrument is introduced, validation has to take place in the population where it will be applied.
